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© Amplifier arrangement 

ff) The first (TO and the second (T2) output transistor of an amplifier arrangement are push-pull driven by 
Sa^o a d i^^e cir^^ having two transistors (Tn. T.a) which are each loaded by a current source (T.3 
rrclnf^^^^^^^^ Of the currents flowing through me first 

transistor are generated by a first (20) and second (30) current measuring J^^'^^^^^^^^^ 
a neaative feedback means (40) which controls the current intensity of the current sources (T,3. ^^^^ ^ 

^aUhe h^^^^^^^ value of the currents flowing through the first (TO and the second (TO output 

-transistor is substantially equal to a refe rence value. 
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Amplifier arrangement 



The invention relates to an amplifier arrangement comprising 

- a first and a second output transistor each having a first main terminal, a second mam terminal and a 
control terminal, whose main current paths are arranged in series between two power supply terminals and 
are further coupled to an output connecting a load. 

- drive means for driving the first and the second transistor, said drive means having a first input for 
applying an input signal, a second input, a first output which is coupled to the control terminal of the first 
transistor and a second output which is coupled to the control terminal of the second transistor, 

- quiescent current means for causing a quiescent current to flow through the first and the second output 
transistor, said quiescent current means having first and second current measuring means for generating a 
first and a second measuring current which are a measure of the current flowing through the first and the 
second output transistor, respectively, and having feedback means for controlling the quiescent current 
flowing through the first and the second output transistor by way of the first and the second measuring 
current. 

In the description and the appendant Claims the first main terminal, the second main terminal and the 
control terminal are identical to the drain, the source and the gate, respectively, in the case of unipolar 
transistors, and to the collector, the emitter and the base, respectively, in the case of bipolar transistors. 

An amplifier an-angement of this type can be generally used as a power amplifier arrangement and is 
particularly suitable as an output amplifier in audio circuits. 

Such an amplifier arrangement is known from European Patent Application EP-A-0,21 7.431. 
The first and the second output transistor are push-pull driven by the non-inverting and the inverting 
output, respectively, of a voltage-to-current converter which has a non-inverting input to which the input 
voltage is applied and an inverting input which is connected to the output of the amplifier arrangement. 

The amplifier arrangement is of the class AB type because a given quiescent current flows through the 
two output transistors. The means for adjusting the value of this quiescent current comprise a measuring 
circuit for each of the two output transistors for measuring the current through the relevant output transistor. 
This measuring current is converted across a first diode into a voltage which is applied to the inverting input 
of an amplifier. A reference voltage generated across a second diode is applied to the non-inverting input 
thereof. In the absence of an input signal to drive the output transistors, the output of the amplifier controls 
the relevant output transistor in such a way that the voltage at the inverting input of this amplifier will 
become equal to the reference voltage. \/Vhen driving one of the two output transistors, the current through 
the driven transistor increases and the quiescent current through the non-driven transistor decreases. The 
known arrangement is. however, adapted in such a way that the non-driven transistor is fully turned off. If 
the relevant transistor is subsequently driven, it should first be turned on. which causes cross-over 
distortion. 

It is therefore an object of the invention to provide an amplifier arrangement having an improved 
quiescent current control. According to the invention, an amplifier arrangement of a type described in the 
opening paragraph is characterized in that the feedback means comprise 

- a first differential amplifier having a third and a fourth transistor each having a control terminal, a first main 
terminal and a second main terminal, the second main terminals being coupled to a common point which is 
coupled to a first current source, the control terminal of the third transistor being coupled to a first point for 
conveying a voltage which is proportional to tiie first measuring current and the control terminal of the fourth 
transistor being coupled to a second point for conveying a voltage which is proportional to the second 
measuring current. 

5 - a reference circuit comprising a second cun-ent source and a fifth transistor having a first main terminal, a 
second main terminal and a control terminal which is coupled to the first main terminal, and - a second 
differential amplifier having a sixth and a seventh transistor each having at least one first main terminal, at 
least one second main terminal and a control terminal, the control terminal of the sixth transistor being 
coupled to the second main terminal of the fifth transistor, the control terminal of the seventh transistor 

0 being coupled to the common point of the first differential amplifier, and two of the first main terminals of 
the sixth and the seventh transistor being coupled to the first and the second output of the drive means. 

The structure of the negative feedback means according to the invention causes the quiescent current 
through the non-driven output transistor to be controlled to a substantially constant value, which keeps this 
transistor conducting independent of the extent to which the other output transistor is driven. This prevents 
the one output transistor from being turned off when the other output transistor is fully turned on. 
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Consequently, the cross-over distortion caused thereby is considerably reduced. 

The further structure of the negative feedback means is detennined by the conductivity type of the first 
and the second output transistor. If the first and the second output transistor are of the same conductivity 
type, an embodiment of the amplifier an-angement may be further characterized in that 
s - the sixth and the seventh transistor each have two first main terminals, and in that 

- the one first main terminal of the sixth transistor is coupled to the first output of the drive means and the 
other first main terminal of the sixth transistor is coupled to the second output of the drive means. 

A further embodiment of such an amplifier arrangement may be characterized in that the first current 
measuring means include an eighth transistor having a first main terminal, a second main terminal and a 

10 control tenninal. the control terminal and the second main terminal being coupled to the control termina 
and the second main terminal, respectively, of the first output transistor and in that the second current 
measuring means include a ninth transistor having a first main lenninal, a second main terminal ana a 
control terminal, the control terminal and the second main terminal being coupled to the control terminal 
and the second main terminal, respectively, of the second output transistor. This embodiment may be 

IS further characterized in that the second main terminal of the eighth transistor is coupled to the second main 
terminal of the first output transistor by means of a first resistor and in that the second mam terminal of tfie 
ninth transistor is coupled to the second main terminal of the second output transistor by means of a 
second resistor. The first and the second resistor limit the maximum cun-ent through the eight and the ninth 
transistor, which prevents these transistors from damage when the output transistors are fully turned on. 

20 Another embodiment of such an amplifier arrangement may be characterized in that 

- the first main terminal of the eighth transistor is coupled to a first power supply terminal by means of a 
tenth transistor having a first main terminal, a second main temrtinal and a control terminal, the first main 
terminal of the tenth transistor being coupled to its control terminal and the second mam terminal 
constituting the first point for conveying a voltage which is proportional to the first measunng current. 

25 ■ the first main terminal of the ninth transistor is coupled to the first power supply terminal by means for an 
eleventh transistor having a first main terminal, a second main terminal and a control terminal, the first mam 
terminal of the eleventh transistor being coupled to its control temiinal and the second mam terminal 
constituting tiie second point for conveying a voltage which is proportional to the second measunng current. 

and in that , . . , „.,,„^ - 

30 - the first main terminal of the fifth transistor is coupled to the first power supply terminal by means of a 
twelfth transistor having a first main terminal and a second main temiinal and a control terminal, the first 
main terminal being coupled to its control temninal. The cun-ents generated by the first and second current 
measuring means aaoss the tenth and the eleventh transistor are converted into voltages which are 
proportional thereto and which are applied to the control temninals of the third and the fourth transistor. 

35 Yet a further embodiment of such an amplifier arrangement may be characterized in that the drive 
means include a third differential amplifier having a thirteenth and a fourteenth transistor each having a firs 
main terminal, a second main temiinal and a control terminal, the confi-ol terminal and the first main terminal 
of the thirteenth transistor being coupled to the first input and the first output, respectively, of the dnve 
means and the control terminal and the second main terminal of the fourteenth transistor being coupled to 

40 the second input and the second output, respectively, of the drive means. This embodiment may be further 
characterized in that a first capacitor is arranged between the first input and the first output of the dnve 
means and in that the first input of the drive means is coupled to an input of a fifteenth transistor arranged 
as a voltage follower, an output of which is coupled to the second output of the drive means by means of a 
second capacitor. The first capacitor ensures a frequency compensation for obtaining a stable gam and tne 

45 second capacitor ensures a direct signal transmission to the control terminal of the second output transistor 
in the case of high frequencies. This results in the phase shifting being reduced, thus improving the stability 

of the amplifier arrangement . . ^- »u . Br=+ ^,,tr,..< 

Yet another embodiment of such an amplifier arrangement may be characterized in that the first output 
of the drive means is coupled to a non-inverting input of an amplifier, an inverting input of which is coupted 

50 to the output of the amplifier arrangement and an output of which is coupled to the confrol terminal of the 
first output transistor. This amplifier constitutes a negative feedback from the output to the control terminal 
of the first output transistor so that the non-linearities caused by this transistor are reduced. This negative 
feedback is effective at all drive conditions because it is ensured that the first output transistor remains 
conducting in the amplifier an-angement according to tiie invention. 

55 m another embodiment this amplifier may be characterized in that it is constituted by a fourth 
differential amplifier having a sixteen* and a seventeenth transistor each having a control terminal and a 
first and a second main temiinal. tiie control temninal of the sixteentii transistor being coupled to the non- 
inverting input and the control terminal of the seventeenth transistor being coupled to the inverting input, the 
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first main terminal of the seventeenth transistor being coupled to the output of the amplifier and to a current 
source. 

yet another embodiment may be characterized in that the first output of the drive means is coupled to 
an input of a voltage follower circuit, an output of which is coupled to the control terminal of the first output 
5 transistor by means of a third capacitor. At high frequencies the third capacitor ensures a direct signal 
transmission from the drive means to the control terminal of the first output transistor and thereby 
eliminates the phase shift occurring in the amplifier at high frequencies. This improves the stability of the 
amplifier arrangement. 

The amplifier arrangement according to the invention may be suitably formed with bipolar transistors, in 
70 that case the negative feedback means control the current through the first and the second output transistor 
in such a way that the harmonic means value of these currents is maintained substantially constant. The 
amplifier arrangement may. however, also be formed with field-effect transistors. The negative feedback 
means then control the currents through the first and the second output transistor in such a way that a 
relationship which complies with the equation for a circle is present between these currents. 
^5 In an amplifier arrangement according to the invention, the first and the second output transistor may be 
alternatively of the opposite conductivity type instead of the same conductivity type. The amplifier 
arrangement may then be further characterized in that 

- the sixth and the seventh transistor each have a first main terminal and in that 

- the first main terminal of the sixth transistor is coupled to the first output of the drive means and the first 
20 main terminal of the seventh transistor is coupled to the second output of the drive means. 

This embodiment is very suitable for low power supply voltages. A further embodiment of such an 
amplifier arrangement may be characterized in that 

- the first current measuring means include an eighth transistor having a first main terminal, a second main 
terminal and a control terminal, the control terminal being coupled to the control terminal of the first output 

25 transistor and the second main terminal being coupled to the second main terminal of the first output 
transistor by means of a first resistor, said second main terminal of the eighth transistor constituting the first 
point for conveying a voltage which is proportional to the first measuring current. 

- the second current measuring means include a ninth transistor having a first main terminal, a second main 
terminal and a control terminal, the control terminal being coupled to the control terminal of the second 

30 output transistor and the second main temninal being coupled to the second main terminal of the second 
output transistor by means of a second resistor, 

- the first main terminal of the ninth transistor is coupled to a first power supply terminal by means of a third 
resistor, said first main terminal of the ninth transistor constituting the second point for conveying a voltage 
which is proportional fo the second measuring current, and in that 

35 - the first main terminal of the fifth transistor is coupled to the first power supply terminal by means of a 
fourth resistor. 

The first measuring current flows through the first resistor and the voltage across this resistor is directly 
applied to the control terminal of the third transistor. The second measuring current is converted across the 
third resistor into a voltage which is proportional thereto and which is applied to the control terminal of the 
40. fourth transistor. 

Yet another embodiment of such an amplifier arrangement may t)e characterized in that 

- the drive means include a third differential amplifier with a tenth transistor having a first main terminal, a 
second main terminal and a control terminal and an eleventh transistor having two first main terminals, two 
second main terminals and a control terminal, the control terminal of the tenth transistor being coupled to 

45 the first input of the drive means and the control terminal and the two first main terminals being coupled to 
the second input and the first and the second output, respectively, of the drive means. This embodiment 
may be further characterized in that a first capacitor is arranged between the first input and the first main 
terminal of the tenth transistor and in that 

- a second capacitor Is arranged between the control terminal of the first output transistor and the output, ^ 
50 and in that 

- a third capacitor is arranged between the control terminal of the second output transistor and the output. 
These capacitors enhance the stability of the amplifier arrangement. 

This amplifier arrangement may be suitably formed with bipolar transistors. The negative feedback 
means then control the currents through the first and the second output transistor in such a way that the 
55 harmonic mean value of these currents is maintained substantially constant. This amplifier arranged can of 
course also be formed with field-effect transistors instead of bipolar transistors. 

The invention will now be described in greater detail, by way of example, with reference to the 
accompanying drawings in which 
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Rg. 1 shows a first embodiment of an amplifier arrangement according to the invention. 
Fig 2a shows the relationship between the currents through the output transistors. 
Fig. 2b shows the waveforms of the currents through the output transistors as a function of the output 
voltage of the amplifier. 

Fig 3 shows a second embodiment of an amplifier arrangement according to the invention. 

Fig 4 shows a third embodiment of an amplifier arrangement according to the invention. 

Fig 5 shows a fourth embodiment of an amplifier arangement according to the invention. 

Fig 6a shows the relationship between the measuring currents in the circuit arrangment of Fig 5. 

Fig! 6b shows the waveforms of the quiescent currents as a function of the output voltage for the 

amplifier arrangement of Rg. 5, 

Rg 7 shows a fifth embodiment of an amplifier arrangement according to the invention, and 

Rg! 8 shows the waveforms of the currents thrbugh the output transistors as a function of the output 

voltage for the amplifier arrangement of Rg. 7. 

Fia 1 shows a first embodiment of an amplifier arrangement according to the invention. The 
arrangement comprises a first output transistor T, and a second output transistor Tn whose col ector^emitter 
paths are arranged in series between a first power supply terminal 1 and a second power suppW termina 2^ 
The emitter of Lsistor T, and the collector of transistor T^ are connected to an output 3 of the amplifier 

an-angement to which a load Zi is connected. „ ^ , . ^ .u t-,^ ,„ri 4ho 

The amplifier arrangement also comprises drive means 10 for push-pull driving of the first and the 
second output transistor T, . T,. The drive means 10 comprise a differentiai ^-"P'^f ^"^avms tw^^^^^^^^ 
T„ and T,2 whose emitters are connected to a common point which is connected to the power supp y 
terminal 2 by means of a current source 1, = I. The base of transistor T, , is connected t° ^ J'^^W* ^ 
which an input voltage V. is applied. This signal originates from an input stage may have a 

conventional structure such as that of a nA741-input stage. The base of transistor T„ is ':°n";<='^d to a 
second input 5 conveying a reference voltage V„,. The collector of transistor T, . .'^ ejected o a first 
output 6 which is coupled to the base of transistor T, and to the collector of transistor T,3 conshtubng a 
variable current source k. Similarly, the collector of transistor T,^ is connected to a second output 7 wtuch 
is coupled to the base of transistor T2 and is connected to the collector of a transistor Tu constituting a 

variable current source k. . , ^..^^^nt tn 

The current sources Is and 1. iom part of quiescent current means for causing a ^"f f "J J="^^"!^*° 
flow through the output transistors T, and T2 in order to obtain a class AB adjustment of the amplifier 
algeZt. These quiescent current means have first current measuring means 20 wh.ch cons^^^^^^^ 
by a transistor T3 whose base-emitter junction is arranged in series with a first res.stor P^f ' °JJ^ 
bLe-emitter junction of transistor T,. The collector cun-ent of transistor T3 is a measure of f jf^^f 
current of transistor T, and is determined by the ratio of the emitter surfaces of the transistors T, and T3 
and the resistance of resistor R,. In order to minimize the dissipation of the arrangement, em tter 
surface of transistor Ta is preferably chosen to be much smaller than that of transistor T, . The resistor R, 
limits the maximum current through transistor T3 to a safe value so as to prevent this ''^"/istor from being 
damaged when transistor T, is fully tumed on. It is to be noted that the resistor R, may P""='P'^ 
dispensed wrth. The quiescent current means also have second current -"^^.^"""9 "J^^^^^"/' '^^^ 
similarly provided with a transistor T4 whose base-emitter junction m senes with a resistor Ra is arranged 
paTSefto the base-emitter junction of transistor Ta. The collector current of transistor T. .s a measure of 
the current flowing through transistor T3. The quiescent current means also "'^P"^^,;^^^^^"^^"^^^^^^^ 
means 40 which keep the harmonic mean value of the measuring currents supplied by the first and second 
measuring means 20 and 30 and hence the currents through the first and the second output transistor T, 
and T2 substantially equal to a reference value. The negative feedback means 40 compnse a first 
differential amplifier having two transistors Ts and T, whose emitters are connected to a ^o^^l^o" ^ 
which is connected to the second power supply terminal 2 by means of a current source b - 21,. The base 
11 of transistor T, is connected to the first power supply terminal via a transistor T7 arranged as a diode 
and to the collector of transistor T3. Similarly, the base 12 of transistor Ts is connected to ^^^^ Power 
lupply terminal 1 via a transistor T, arranged as a diode and to the collector of transistor T.. The negative 
feedback means 40-also comprise a reference circuit which is constituted by a <=""-^";/^":^; 'l. "J" 
whose output 9 is connected to the first power supply terminal 1 via two ^enes-anranged transistors Ts ar^^^^ 
T-o an^nged as diodes. The negative feedback means 40 also comprise a second differenta ampl^er 
having two transistors T<3 and Tu whose base-emitter junctions are arranged in parallel and two l^nsistors 
T.5 and T,s whose base-emitter junctions are also arranged in parallel. The emitters of the transistors T,3- 
tIs are connected to a common point which is connected to the positive power supply terminal 1 by means 
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of a current source U = 21. The common base of the transistors T15 and T-s is connected to the point 8 of 
the differential amplifier T5. T5. The collectors of the transistors T-s and T-^ are connected to the second 
power supply terminal 2. The common base of the transistors T-3 and Tm is connected to the output 9 of 
current source I3. The collector of transistor T-a is connected to the first output 6 and the collector of 
5 transistor T-t is connected to the second output 7 of the drive means 10. Transistor T-3 constitutes a 
variable current source I5 and transistor T-i constitutes a variable current source I5. 

It is to be noted that the transistors T-3 and T-i as well as the transistors T-5 and T-^ may be replaced 
by one single transistor having a double collector 

The operation of the arrangement may be explained as follows. The class AB adjustment affects the 
10 bases of the output transistors T- and T2 as a common mode signal, whilst the signal to be amplified 
affects the bases of these transistors as a difference mode signal. In the means 40 a first translinear loop 
can be distinguished which is constituted by the transistors Ts-Ts. The following relation holds for this loop: 
Vbet7 + Vbets = Vbets + VbeT6 ( 1 > 

in which Vbe is the base-emitter voltage of the relevant transistor. By means of the known exponenttal 
75 relation between the base-emitter voltage amd the collector current of a transistor and the assumption that 
the transistors T5-T3 have identical emitter surfaces, this equation results in : 
isi.lc (1 +a) = Is2. led -a) (2) 

in which Isi = the first measunng current flowing through transistor T? and being supplied by the first 
measuring means 20. 

20 I2 ~ the second measuring current flowing through transistor Ta and being supplied by the second 
measuring means 30 and 

alo = the signal current through the transistors T5 and 

T5 determined by a difference in the first and the second measuring current Isi and Is2. it follows from this 
equation that 



= ofwel a = (3) 



In the means 40 a second translinear loop may also be distinguished which is constituted by the transistors 
Ta, Ts. T's. T-3. T10 and Ta. The following equation holds for this loop: 

35 Vbets "** Vbets Vbeti 3 ~ ^bejs + Vbeti 0 Vbeti 8 W 

By means of the known exponential transistor equation and again assuming that the transistors have 

identical emitter urfaces. this equation results in 
40 Is2-Io^^"^'-^^^'^^^ = iQ^-.Id-Z) (5) 



in which ZI ~ the signal current through the transistors T13 and Tie determined by a voltage difference 
between the bases 8 and 9. It follows that 

Ic. =ls2(1-a) (6) 

^0 Riling in equation 3. this results in 
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1-Z 2Ici.I 



S1 •■'S2 



(7) 



1+Z Isi+Is2 



or 



Z = 



(8) 



io-^^si+^s2'+2isris2 

The collector current of transistor T,3 is equal to I5 = K ^ )• Since transistor Tu Is arranged in 
parallel ith transistor T.3. the collector current of transistor T,* is also equal to k = ' "r- • 

In the absence of an input voltage Vi„ at the input 4 of the drive means 10 the current I of current 
source?, w I beTven y l« ov'er th; transistors T, , and T. so that a direct current . "ows through 
a Of these transistors. These direct currents are compensated by ^^^';;f^^ZXL'TS^J^^ 

TZ sHri cu^tt ¥ rrSut I'r or/antr sir rt; 

LZTn : ™: Zfse^ond meiiu ^current I. and v.,1 th^efore ^^^^1 

T, and Ta. The transistors T, and are now driven .n such a way that the 

determined by these measuring currents is equal to the reference voltage at the po.nt 9. ^or »^e^^^e 0 

he Se^^^^^^^^ "owing through transistors T, and T. the following applies. The f 

h! Lsistors T, and T3 are very large. This means that the base currents ^^'^^ ''^^^^'^^^^ 

assumed to be approximately zero. With Is, = Isa it foHws from equation 7 or 8 for the measuring currents 

flowing in the absence of an input voltage V, that 

F^relaLly Imall currents the voltage across the resistors R, and R. Is small with respecUo the 
bas^em tt r vottages of the transistors T3 and T.. For a ratio of base-emitter surfaces 0 the transistors T. 
rr'd t" T? w^ich is equal to N it holds for the value of the quiescent currents flowing through the 
transistors Ti and T2 that; 

"in'the c^e of 'l^n input voltage V. at the input 4 which is, for example, smaller than the reference 
voi V e. aUhe np^^ current tflrough transistor T. increases and the current through — r T, , 
Saser Consequently the base current of transistor T, increases and that of transistor decreases so 
?hatTans sto^T r^^^^^^^ turned on and transistor T3 is further turned off. As a result, the measunng 
cur^e^^^ I L^^^ transistor T3 increases and the measuring current through «r ^^ ^^^-^^^^ 
Conseauentiv the voltage across the base-emitter junction of transistor T? increases and the voltage across 
rbTieMunS Of transistor Ts decreases. At already relatively small 3";;,^°;^^^ 
therefore be turned off so that transistor Ts will start behaving as an emitter follower. The voltage at the 
™n Snt 8 thus increases so that transistors T,s and T,s will convey less current and transistors T.3 
an^^w^ coley more current. The base current of both transistor T. and of transistor T, consequen^ 
fncreaies in JJs way the measuring current and consequently the quiescent cun-ent through transistor 
rrcontr led toTwelMefined residual value independent of the extent to which transistor T, .s turned 
In. ^en^^^^^^^^^ T. the quiescent current through transistor T, is similarly controlled to the same 

"'■'irignoring the base currents of the transistors T, and Ta it follows from equation 7 that the currents 
U and I2 are determined by the foilowing equation: 



50 
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I1+I2 



It is apparent from the equation above that the circuit 40 controls the harmonic mean value of the 
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currents through the transistors Ti and T2 to a value which is equal to a reference value. In Fig. 2a the 
relationship between the currents I- and I2 determined by means of equation 1 1 is shown graphically. Fig. 
2b shows the waveforms of the currents I* and I2 through the transistors T- and T2 as a function of the 
yoitage Wout at the output 3 of the amplifier arrangement. For the sake of comparison the waveforms of 
these currents in the known circuit arrangement are shown in broken lines in this Figure. As is apparent 
from this Figure, the residual current of the non-driven output transistor is each time controlled to a constant 
value. It follows from equation 1 1 that this residual current is given by: 



In this embodiment the residual current is thus equal to half the quiescent current m the absence of an input 
signal. Due to this residual current the non-driven transistor is each time parttv turned on and <s prevented 
from being turned off. Consequently, the cross-over distortion is reduced- Since the base-emitter voltage 
vanations of the output transistors are small, the distortion caused thereby is also small. Since the first 
output transistor Ti is always turned on, the variation of the output impedance of this transistor and hence 
of the total amplifier arrangement is small so that the distortion of the output signal caused thereby is also 
small. Moreover, the dissipation in the non-driven output transistor is substantially constant because the 
residual current flowing therethrough is accurately fixed and is substantially constant. I is to be noted that 
the harmonic mean value of the currents through the output transistors and hence the residual current can 
be controlled to a different value in the case of a different choice of the ratio of the emitter surfaces and/or 
bias currents. Furthermore, the factor 1/2 in equation (12) can be modified by giving the transistors in the 
described translinear loops different emitter surfaces. 

Fig. 3 shows a second embodiment of an amplifier arrangement according to the invention in which the 
same components have the same reference numerals as in Fig. 1 . The output transistor Ti is arranged in a 
Darlington configuration with a transistor T20. whilst the collector is connected to the collector of transistor 
T* and the emitter is connected to the base of transistor Ti and to the second power supply terminal 2 by 
means of a current source I7. The base of transistor T20 is connected to the first output 6 of the dnve 
means 10. Similarly, transistor T2 is arranged in a Darlington configuration with a transistor T22, whilst the 
emitter of transistor T22 is connected to the second power supply terminal 2 by means of a current source 
I9. The base of transistor T22 is driven by a voltage follower with a transistor T23 and a current source l-o. 
The base of transistor T23 is connected to the second output 7 of the drive means 10. 

The Darlington configurations Tt, T20 and T2. T22 ensure a very large current gain and consequently 
very small base currents in the transistors T20 and T23. 

In the embodiment of Fig. 3 the first output 6 of the drive means is connected to the non-inverting input 
of an amplifier 50 whose inverting output is connected to the output 3 of the amplifier arrangement. The 
output of the amplifier 50 is connected to the base of transistor T20. The amplifier 50 ensures a negative 
feedback around the Darlington configuration Ti . T20. This results in the distortion of the output voltage due 
to non-linearities of the output transistor Ti being eliminated, so that the voltage Vc at the output 3 
accurately follows the voltage at the output 6 of the drive means 10. Since transistor Ti is always turned on 
as a result of the quiescent current control according to the invention, it is ensured that this negative 
feedback continues to function correctly under all circumstances. 

Fig. 4 shows a third embodiment of an amplifier arrangement according to the invention in which the 
same components have the same reference numerals as in Fig. 3. A frequency compensation capacitor 
which, as is known, stabilizes the gain if the amplifier arrangement is driven by a conventional input 
amplifier, is arranged between the input 4 of the amplifier arrangement and the first output 6 of the drive 
means 10. The input 4 is also connected to the base of a transistor T30 whose collector is connected to the 
power supply terminal 1 and whose emitter is connected to the power supply terminal 2 by means of a 
current source In and to the second output 7 of the drive means 10 by means of a capacitor C2. The 
capacitor C2 ensures that the input voltage V^n is directly applied to the base of transistor T23 via voltage- 
follower transistor T3Q in the case of high frequencies. This enhances the phase margin and hence the 
stability of the amplifier arrangement. The capacitors Ci and C2 also stabilize the control loop which 
controls the quiescent current because they provide a dominant-pole in this loop. 

In this embodiment the amplifier 50 is constituted by a differential amplifier having two transistors Tag. 
Ta^ whose emitters are connected to a common point which is connected to the power supply terminal 2 
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via a current source Uz. The base of transistor To is connected to the first output 6 of the drive means 10 
5Sd the base of the transistor T*, is connected to the output 3 of the amplifier arrangement. The collector of 
transistor T^a is directly connected to the power supply terminal 1 and the collector of transistor T.^ is 
connected to the positive power supply terminal 1 by means of a current source I.3 and to an output 15 of 

5 the amplifier 30 This output 15 is connected to the base of transistor T20- The first output 6 of the drive 
means 20 is also connected to the base of a transistor T42 whose collector is connected to the first power 
supply terminal 1 and whose emitter is connected to the second power supply terminal 2 by means of a 
current source Is and to the output 15 ;f amplifier 30 by means of a capacitor C3. In the region where 
amplifier 50 exhibits a large phase shift, capacitor C3 ensures that the signal at the first output 6 is directly 

10 applied to the base of transistor T20. A first diode D, is arranged between the base and the emitter of 
transistor T.o and a second diode D2 is arranged parallel to capacitor C3. These diodes prevent the 
amplifier Tio. T.i from being overdriven in the case of fast, step-wise signals (transients). 

Fig 5 shows a fourth embodiment of an amplifier arrangement according to the invention m which me 
same components have the same reference numerals as in Rg. 1. The arrangement now comprises f^OS 

75 field-effect transistors instead of bipolar transistors. u r + 1 

In the negative feedback means 40 two translinear loops can be distinguished again. For the first loop 

with transistors T5 -T-c the following equation holds: 

Vgst7 * Vgsts = Vgst6 + Vgsts (13) . 

in which Vgs is the gate-source voltage of the relevant transistor. For the second loop with transistors is. 

20 T{. Tifi, T13. T10 and Tg the following equation holds: 

Vgstb + Vcsre + Vgsti3 = Vqstq + Vgstio + Vgstis (14) 

Due to the strong negative feedback in the negative feedback loop it can be assumed that the second 

differential amplifier Tia-Tis is always balanced, so that it holds that: 
Vgsti3 = Vgsti4 = Vgstis = Vgsti6 (14A) 
25 For the second translinear loop it thus holds that: 

VgST9 + VgstiO = VgsT6 + VgsT8 (15) . , . . fh^ 

For identical transistors and using the quadratic relationship between the dram source current lo and ttie 
gate source voltage Vgs of a MOS transistor: 
Id = 1''2^(Vgs-Vt)2 (16) 
30 in which )3 = a geometry factor and 

Vt = the threshold voltage of the transistor, 
equations (13) and (15) can be written as follows 
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2^ =vTsi+vviTr) =^2-^'^o<^ ^^^^ 

in which lo(1 +a) = the current through transistor Ts and 
lo(1-a) = the current through transistor Tg. 
Equation (17) can be rewritten as 

Io(1-a) = {2/T^-\^25' ^''^ 

By addition of these equations and rewriting, it holds for the relationship between the measuring currents Isi 
and Is2 that: 

(jfT7l - 2^o)hl^s2 - 2^0)^=210 (20) 

This equation describes a locus of a circle a quarter of which is valid. Rg. 6a shows this relationship 

between the measuring currents \s\ and Isa. . « • ♦ 

With Is, = Is2 it follws from equation 20 for the measuring currents flowing in the absence of an input 

voltage that: 

"porretetively small currents the voltage across resistors R, and is small with respect to the gate- 
source voltage of the transistors Ta and T*. In the case of a ratio of the length-width ratio of the transistors 
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and Tj and of the transistors Ts and Ta. equal to N it holds for the quiescent currents flowing through 
transistors and Tz that 
|. = b N Ic (22) 

K follows from equation (20) that when driving, for example, transistor T- the quiescent current through 
transistor is controlled to a residual value which is given by 



When driving transistor Ti ,the quiescent current through transistor T2 is controlled in the sanne manner 
to the same residual value. The waveforms of the quiescent currents through the output transistors as a 
function of the output voltage of the amplifier is shown diagrammatically in Rg. 6b. The residual current in 
this embodiment is thus approximately equal to 0.35 times the quiescent current in the absence of an input 
signal. In the same way as in the bipolar embodiment, this prevents the non-driven output transistor from 
being turned off and thereby causing distortion. 

Fig. 7 shows a fifth embodiment of an amplifier arrangement according to the invention. Unlike the 
previous embodiments, the arrangement comprises output transistors of the opposite conductivity type 
instead of the same type. The arrangement comprises a PNP output transistor T^ and an NPN output 
transistor T2 whose collector-emitter paths are arranged in series between a first power supply terminal 1 
and a second power supply terminal 2. The collectors of transistor Tt and of transistor Tz are connected to 
the output 3 of the amplifier arrangement. 

The transistors T^ and T2 are driven in phase by drive means 10. These means are provided with a 
differential amplifier having a transistor T-^ and two transistors Ti2 and Tis whose base-emitter junctions 
are arranged in parallel and whose emitters are connected to a common point which is connected to power 
supply terminal 2 by means of a current source U = I. The base of transistor Ti is connected to the input 5 
to which an input voltage is applied which may originate from an input stage of the conventional type. The 
common base of the transistors Ti 2 and T' 3 is connected to a second input 5 which conveys a reference 
voltage Vref. The collector of transistor T12 is connected to a first output 6 of the drive means to which the 
base of transistor T^ is connected and the collector of transistor Ti 3 is connected to a second output 7 to 
which the base of transistor T2 is connected. 

The amplifier arrangement is provided with quiescent current means for controlling the quiescent 
currents through the transistors Ti and T2. These means comprise first current measuring means 20 which 
are constituted by a PNP transistor T3 whose base-emitter junction in series with a resistor Ri = R is 
arranged parallel to the base-emitter junction of transistor Ti. The current through transistor T3 and resistor 
R' is a measure of the current through transistor Ti. To minimize the dissipation, the emitter surface of 
transistor T3 is chosen to be much smaller than that of transistor Ti. The resistor Ri also limits the 
maximum value of the current through transistor T3 to prevent damage when transistor Ti is fully turned on. 
The quiescent current means further comprise second current measuring means having a transistor T* 
whose base-emitter junction in series with a resistor R2 = R is arranged parallel to the base-emitter junction 
of transistor T2. The collector current of transistor T4 is a measure of the current flowing through transistor 
Tz. This current is converted across a resistor R3 = R into a voltage which is proportional thereto. 

The quiescent current means also comprise negative feedback means 40 which are provided with a first 
differential amplifier having two transistors T5 and T5 whose emitters are connected to a common point 8 
which is connected to the second power supply terminal 2 by means of a current source I2 = lo - The base 
1 1 of transistor T5 is connected to the emitter of transistor T3 and the base 1 2 of transistor Ts is connected 
to the collector of transistor Ti. The negative feedback means also comprise a reference circuit which is 
constituted by the series arrangement of a transistor T-o arranged as a diode and a resistor Rx = R to 
which a current source is = lo is connected. The negative feedback means 40 also comprise a second 
differential amplifier having two transistors Ti 5 and T- e whose emitters are connected to a common point 
which is connected to the positive power supply terminal 2 by means of a current source U =21. The base 
of transistor T^s is connected to the common point 8 of the differential amplifier Ts. T5 and the base of the 
transistor T-s is connected to the emitter of transistor T10. 

The operation of the arrangement may be explained as follows. Two loops can be distinguished in the 
means 40. For the loop with resistors R^. R* and transistors T5. Tic. T15 and T-s and for the loop with 
resistors R3, R*, Ts, Tio. Tis and T15 the following equations hold, assuming that the differential amplifier 
Trs, T15 will be balanced due to the negative feedback: 
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Isi-R + Vbet5 = fo.R + Vbetio (24) 
ls2.R +Vbet6 = Io.R + Vbetio (25) 
in which Isi = the current through resistor Ri 
and ls2 = the current through resistor R3. 

The relationship between the currents U and h through transistors T, and T2 and the measuring 

currents Isi and Isa is given by 
|. = N Isi-e^^'SI^ (26) 
and 

I = N I 2 e^^'SS*^ (27) 

With the known relationship between the base-emitter voltage and the collector current of a transistor 
the following can be written for the equations 24 and 25 



Ig^.R+V^ln = IgR+Vxln (28) 

20 ■ igp Igp 



With these equations the following relations can be obtained by means of solution for the currents 

through transistors Ts and Te 

Its =llo.e'0'^"n.e-'S2.'^'^T (30) 

en 

1x6 = [lo.e'0'^T].e-'S1«'^T (31) 
Furthermore it holds that 
I +1 ~ lo (32) 

If^'eiation (32) is combined with equations (30) and (31) the equation indicating the relationship 
between the measuring currents Isi and Isa is obtained: 
^-ls,.FWT+e-'S2.'^T = e'O.'^T (32) 

By filling In the equations (26) and (27) in this equation, the relationship between the output currents 1, 
and l2 is obtained. However, this equation does not give a simple analytic relationship. The waveform of the 
output currents as a function of the output voltage Vo of the amplifier arrangement is shown .n Rg. 8 

in the absence of an input voltage the quiescent currents of transistors T, and Ta w.ll be equally large, 
so that it also holds that Isi = Isa- It follows from equation (32) that 

I =1 = lo+V-r/R.ln2 (33) _ x 

With the aid of equation (26) or (27) it follws for the value of the quiescent current of transistors T, and 



40 



Tj that: 



45 



l.=lj = 2NIoe^O^/^T(1+ .ln2) (34) 



For calculating the residual current of an output transistor when the other output transistor is driven, the 
^ measuring current of the driven output transistor, for example. Isa is assumed to be very large in equation 
(32). It follows for the measuring current that 
I . — I (35) 

^' With equation (26) it follows for the residual cun-ent through output transistor T, that 

« ' ll'eqlCoa) ifcompared with equation (34). it appears that the residual current is ^^f^^^J^^;;^ 
as large as the quiescent current in the absence of an input voltage if it holds that loR > Vx- The control 
behaviour of the arrangement is then substantially equal to that of the anrangement 'f ^^.'J'^^l 
arrangement of Rg. 7 a capacitor C, is arranged between the base and the collector of transistor T,. a 
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capacitor C2 is arranged between the base and the collector of transistor Tz and a capacitor Ca is arranged 
between the base and the collector of transistor T^. These capacitors fulfill the same functions as the 
capacitors C- . C2 and C3 in the ennbodiment of Fig. 4. Also in this embodiment the quiescent current of the 
non-driver output transistor rs controlled to a constant residual value, thus preventing the occurrence of 
5 harmonic distortion. 

!t is evident that the arrangement of Fig. 7 may also comprise field-effect transistors instead of bipolar 
transistors. 

The invention is not limited to the embodiments shown. The first and the second current measuring 
means may be constituted in any other way, provided that they generate a current which is a measure of 
70 the current flowing through the first and the second output transistor. The drive means may also be 
constituted in any other way. provided that they drive the first and the second output transistor in the push- 
pull mcde. The embodiments of the amplifier arrangement according to the invention are either completely 
build up with bipolar transistors or they are completely built up with unipolar transistors. It is of course also 
possible to build up the amplifier arrangement with both unipolar and bipolar transistors. 

75 

Claims 

1 . An amplifier arrangement comprising 

20 - a first and second output transistor each having a first main terminal, a second main terminal and a control 
terminal, whose main current paths are arranged in series between two power supply terminals and are 
further coupled to an output for connecting a load. 

- drive means for driving the first and the second transistor, said drive means having a first input for 
applying an input signal, a second input, a first output which is coupled to the control terminal of the first 

25 transistor and a second output which is coupled to the control terminal of the second transistor. 

- quiescent current means for causing a quiescent current to flow through the first and the second output 
transistor, said quiescent current means having first and second current measuring means for generating a 
first and a second measuring current which are a measure of the current flowing through the first and the 
second output transistor, respectively, and having feedback means for controlling the quiescent current 

30 flowing through the first and the second output transistor by way of the first and the second measuring 
current, characterized in that the feedback means comprise 

- a first differential amplifier having a third and a fourth transistor each having a control terminal, a first mam 
terminal and a second main terminal, the second main terminals being coupled to a common point which is 
coupled to a first current source, the control terminal of the third transistor being coupled to a first point for 

35 conveying a voltage which is proportional to the first measuring current and the control terminal of the fourth 
transistor being coupled to a second point for conveying a voltage which is proportional to the second 
measuring current, 

- a reference circuit comprising a second current source and a fifth transistor having a first main terminal, a 
second main terminal and a control terminal which is coupled to the first main terminal and 

40 - a second differential amplifier having a sixth and a seventh transistor each having at least one first main 
terminal, at least one second main terminal and a control terminal the control terminal of the sixth transistor 
being coupled to the second main terminal of the fifth transistor, the control terminal of the seventh 
transistor being coupled to the common point of the first differential amplifier, and two of the first main 
terminals of the sixth and the seventh transistor being coupled to the first and the second output of the 

45 drive means. 

2. An amplifier arrangement as claimed in Claim 1, characterized in that 

- the first and the second output transistor are of the same conductivity type, 

- the sixth and the seventh transistor each have two first main terminals, and in that 

- the one first main terminal of the sixth transistor is coupled to the first output of the drive means and the 
50 other first main terminal of the sixth transistor is coupled to the second output of the drive means. 

3. An amplifier arrangement as claimed in Claim 1 or 2, characterized in that the first current measuring 
means include an eighth transistor having a first main terminal, a second main terminal and a control 
terminal, the control terminal and the second main terminal being coupled to the control terminal and the 
second main terminal, respectively, of the first output transistor and in that the second current measunng 

55 means include a ninth transistor having a first main terminal, a second main terminal and a control terminal, 
the control terminal and the second main terminal being coupled to the control terminal and the second 
main terminal, respectively, of the second output transistor. 



12 

BNSDOCID: <EP 0309063A1J_> 



EP 0 309 063 A1 



4 An amplifier arrangement as claimed in Claim 3, characterized in that the second mam terminal of 
the eighth transistor is coupled to the second main tem^iinai of the first output transistor by means of a first 
resistor and in tha the second main terminal of the ninth transistor is coupled to the second mam terminal of 
the second output transistor by means of a second resistor. 

5 An amplifier arrangement as claimed in Claim 3 or 4. characterised in that 

- the first main terminal of the eighth transistor is coupled to a first power supply terminal by means of a 
tenth transistor having a first main terminal, a second main tenninal and a control terminal, the first mam 
terminal of the tenth transistor being coupled to its control terminal and the second mam terminal 
constituting the first point for conveying a voltage which is proportional to the first measuring current. 

. the first main terminal of the ninth transistor is coupled to the first power supply terminal by means of an 
eleventh transistor having a first main terminal, a second main terminal and a control terminal, the first mam 
terminal of the eleventh transistor being coupled to its control terminal and the second mam terminal 
constituting the second point for conveying a voltage which is proportional to the second measunng current. 

and in that , , . , u .< , 

- the first main terminal of the fifth transistor is coupled to the first power supply terminal by means ot a 
twelfth transistor having a first main terminal and a second main terminal and a control terminal, the first 
main terminal being coupled to its control tenminal. ,_ ^ . 

6 An amplifier arrangement as claimed in Claim 1, 2. 3, 4 or 5, characterized in that the dnve means 
include a third differential amplifier having a thirteenth and a fourteenth transistor each having a first mam 
terminal a second main terminal and a control terminal, the control terminal and the first mam temninal of 
the thirteenth transistor being coupled to the first input and the first output, respectively, of the drive means 
and the control terminal and the first main terminal of the fourteenth transistor being coupled to the second 
input and the second output, respectively, of the drive means. 

7. An amplifier arrangement as claimed in Claim 6. characterized in that a first capacitor is arranged 
between the first input and the first output of the drive means. ,^ ^■ 

8 An amplifier arrangement as claimed in Claim 6 or 7. characterized in that the first input of the drive 
means is coupled to an input of a fifteenth transistor arranged as a voltage follower, an output of which is 
coupled to the second output of the drive means by means of a second capacitor. ^ . . » 

9 An amplifier arrangement as claimed in any one of Claims 2 to 8. characterized in that the first output 
of the drive means is coupled to a non-inverting input of an amplifier, an inverting input of which is coup ed 
to the output of the amplifier arrangement and an output of which is coupled to the control terminal of the 

first output transistor. hw 

10 An amplifier arrangement as claimed in Claim 9. characterized in that the amplifier is consttuted by 
a fourth differential amplifier having a sixteenth and a seventeenth transistor each having a contro terminal 
and a first and a second main terminal, the control terminal of the sixteenth transistor being coupled to the 
non-inverting input and the control terminal of the seventeenth transistor being coupled to the inverting 
input, the first main terminal of the seventeenth transistor being coupled to the output of the amplifier and to 

a current source. , .. - . 

11 An amplifier arrangement as claimed in Claim 9 orlO, characterized m that the first output of the 
drive means is coupled to an input of a voltage-follower circuit, an output of which is coupled to the control 
terminal of the first output transistor by means of a third capacitor. 

12 An amplifier arrangement as claimed in Claim 11, characterized in that a first diode is arranged in 
parallel with the third capacitor and in that a second diode is an-anged between the second mam tenninal 
and the control terminal of the sixteenth transistor. » • ^ •„ 

13. An amplifier arrangement as claimed in any one of the preceding Claims 2 to 12. charactenzed in 

that the transistors are bipolar transistors. ,o ..u,„^=,i«h in 

14. An amplifier arrangement as claimed in any one of the preceding Claims 2 to 12. charactenzed in 
that the transistors are field-effect transistors. 

15. An amplifier arrangement as claimed in Claim 1. characterized in that 

- the first and the second output transistor are of the opposite conductivity type, 

- the sixth and the seventh transistor each have a first main terminal and in that , « * 

- the first main terminal of the sixth transistor is coupled to the first output of the drive means and the first 
main terminal of the seventh transistor is coupled to the second output of the drive means. 

16 An amplifier arrangement as claimed in Claim 15. characterized in that 

- the first current measuring means include an eighth transistor having a first main terminal f second mam 
terminal and a control temiinal. the control temiinal being coupled to the control terminal of the first ou^u 
transistor and the second main temiinaJ being coupled to the second main terminal of the first ouyu 
transistor by means of a first resistor, said second main terminal of the eighth transistor constituting the first 
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point for conveying a voltage which is proportional to the first measuring current, 

- the second current measuring means include a ninth transistor having a first main terminal, a second main 
terminal and a control terminal, the control terminal being coupled to the control terminal of the second 
output transistor and the second main terminal being coupled to the second main terminal of the second 

5 output transistor by means of a second resistor, 

- the first main terminal of the ninth transistor is coupled to a first power supply terminal by means of a third 
resistor, said first main terminal of the ninth transistor constituting the second point for conveying a voltage 
which is proportional to the second measuring current, and in that 

- the first main terminal of the fifth transistor is coupled to the first power supply terminal by means of a 
10 fourth resistor. 

17. An amplifier arrangement as claimed in Claim 1. 15 or 16, characterized in that 

- the drive means include a third differential amplifier with a tenth transistor having a first main terminal, a 
second main terminal and a control terminal and an eleventh transistor having two first main terminals, two 
second main terminals and a control terminal, the control terminal of the tenth transistor being coupled to 

7S the first input of the drive means and the control terminal and the two first main terminals being coupled to 
the second input and the first and the second output, respectively, of the drive means. 

18. An amplifier arrangement as claimed in Claim 17. characterized in that a first capacitor is arranged 
between the first input and the first main terminal of the tenth transistor, 

19. An amplifier arrangement as claimed in Claim 16. 17 or 18. characterized in that 

20 - a second capacitor is arranged between the control terminal of the first output transistor and the output, 
and in that 

- a third capacitor is arranged between the control terminal of the second output transistor and the output. 

20. An amplifier arrangement as claimed in an yone of the preceding Claims 15 to 19, characterized in 
that the transistors are bipolar transistors. 
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